This file includes:
Figures S1 to S9, absorption factor estimation and magnetic measurements. Figure S1 . Left panel shows the explained variance ratio of the principal component analysis (PCA) decomposition. The six first components, which are enough to explain the whole data set, are plotted in the right panel. Components 0, 3 and 5 show no remarkable features in the Fe L2,3 ionization energy and seem rather related to the background of the spectra due to their power-law behaviour, while component 1 is almost constant and therefore could be related to the dark noise in the detector. Figure S8 . C2 intensity values histogram for voxels in the Fe 3 O 4 shell and voxels in the FeO core. Shell distribution is centered at a signal of 500 a.u. while for the core voxels is centered at 1000 a.u., thus giving a ratio of 2, consistent with the composition of both oxides.
Absorption factor estimation
The intensity that ionisation from the Fe L 3,2 subshells by the electron beam contributes to the EELS spectrum acquired at coordinates x, y and tilt-angle θ at energy E is given by:
( 1) where is the projected iron amount, is the cross section for ionisation from the Fe L 3,2 subshells, t particle and t substrate are the thickness of the particle and the substrate respectively and λ particle and λ substrate their mean free paths. Here we are neglecting plural scattering and the small mean free path difference between Fe 3 O 4 and FeO. Also we assume that the substrate is perfectly flat.
We estimate t particle (x, y, θ) and t substrate (θ) from the high-angle angular dark field images by segmenting the images by thresholding. From Eq.
(1), the intensity of the Fe 3+ and Fe 2+ EELS maps that we have obtained by independent component analysis are given by:
where k 1 , k 2 and k 3 are constants. Summing over x and y and rearranging:
Notice that we have used which follows from the fact that the whole particle is contained in the analysed volume. The only unknowns in this equation are k 1 , k 2 and k 3 . k 1 is irrelevant for our purposes. We use Eq. (3) to estimate k 2 and k 3 numerically.
Magnetic Measurements
Magnetic measurements were carried out in a superconducting quantum interference device (SQUID) magnetometer with a maxim field of 70 kOe. The zero field cool magnetization measurements were carried out in 10 Oe with increasing temperature from 10 K after cooling the sample in zero field form the 300 K remanent state. The field cooled hysteresis loop was measured (up to 70 kOe) at 10 K after cooling the sample in H FC = 70 kOe from room temperature. 
